We describe a simple and sensitive method for enhancement of the silver-gold-intensified 3 3 -diaminobenzidine (DAB) reaction demonstrating peroxidase activity. After completing silver-gold intensification of the preparations immunostained by the avidin-biotin-peroxidase method with DAB as the chromogen, the preparations were immersed in a so-
Introduction
The silver-gold intensification of 3,3'-diaminobentidine (DAB) products is widely used in immunoperoxidase staining (2,5-7). However, in some cases additional amplification of the signal is required. A more sensitive method could enable determinations in immunocytochemistry with a lower concentration of primary antibodies. We report here a simple and sensitive procedure to enhance the silver-gold-intensified DAB reaction in an immunoperoxidase method.
Materials and Methods
Tissue Preparation. An adult monkey (Papio anubis) was perfused with 4% formaldehyde in 0.1 M phosphate buffer, pH 7.4, and post-fixed in the same fixative for 1 day. Thereafter, brain tissues were embedded in paraffin. Six-pm thick sections were prepared on a microtome and mounted on gelatin-coated glass slides. The sections were routinely deparaffinized and rehydrated and were processed for immunostaining.
Immunostaining Procedure. Mouse monoclonal antibody to microtubule-associated protein 2 (MAP2; Sigma, St Louis, MO) was used as a primary antibody. To demonstrate the effect of uranyl enhancement on silver-gold-intensified materials, we intentionally reduced the concentration of primary antibody against MAP2 to 1:20,000, which was 100-fold lower than usual. The sections were incubated with antibodies to MAP2 in PBS containing 3% BSA for 24 hr at 4°C. To visualize bound antibodies, a con- ventional avidin-biotin-peroxidase complex (ABC) method (4) was carried out using the Elite ABC kit (Vector; Burlingame, CA) as described previously (3) . DAB (Sigma) was used as a chromogen. Staining specificity was carefully assessed by examination of specimens with replacement by non-immune mouse IgG as a primary antibody.
Silver-Gold Intensification Procedure. The silver-gold intensification for DAB reaction products was performed exactly as reported by Rossi et al. (6) . Briefly, the immunostained sections were washed in sodium acetate (2% in distilled water) and then incubated in sodium thioglycolate (10% in distilled water) for 3 hr. After rinsing in sodium acetate they were incubated in a freshly prepared solution containing 2.5% sodium carbonate, 0.1% silver nitrate (Nakarai Chemicals; Kyoto, Japan), 0.1% ammonium nitrate (Nacalai Tesque; Kyoto, Japan), 0.5 % silicowolframic acid (Merck; Darmstadt, Germany), and 0.008% formaldehyde in distilled water, for 8 min at room temperature. Thereafter, they were quickly rinsed in acetic acid (2% in distilled water), followed by rinsing in sodium acetate and incubation in gold chloride (Muto Pure Chemicals; Tokyo, Japan; 0.05% in distilled water). After rinsing in sodium acetate, the sections were immersed in sodium thiosulfate (Nacalai Tesque, 3% in distilled water) for 10 min and washed with distilled water.
Uranyl Enhancement of Silver-Gold-intensified DAB Reaction. The silver-gold-intensified specimens were immersed in the developer, which was freshly prepared immediately before use; 10 ml of stock Solution B and 2 ml of glacial acetic acid were added to 10 ml of stock Solution A for 15 min at room temperature. When the desired grade of enhancement had been achieved macroscopically or light microscopically, the sections were quickly washed with 70% ethanol and dehydrated before mounting in entellan-xylene.
Stock Solution A consisted of 1 g of potassium ferricyanide (Wako Pure Chemicals; Osaka, Japan) dissolved in 100 ml of distilled water. Stock Solution B consisted of l g of uranyl nitrate (Wako) dissolved in 100 ml of distilled water. Richmond. CA) and air-dried. The membrane was rehydrated and incubated in PBS containing 10% bovine serum albumin (Nakarai Chemicals) overnight at 4'C. lmmunosraining was then carried out by the ABC method with biorinylared anti-rabbit IgG (Vector) in the usual manner. The immunostained membrane containing the DAB reaction product was extensively washed with distilled water and subjected to silver-gold intensification with or without uranyl enhancement. as described above.
Results and Discussion
We applied the uranyl amplification technique for the immuno- stained preparations taken from formalin-fixed. paraffin-embedded monkey brain. An additional treatment of uranyl enhancement could markedly increase the staining intensity macro-and microscopically as compared with silver-gold intensification alone (Fig  ure 1 ). The final staining pattern obtained with the new technique was proportional to that of the silver-intensified DAB products, showing no apparent nonspecific background activity. As a result of the uranyl enhancement, the dark-brown deposits ofsilver-goldintensified DAB products tumed true brown, and several sites containing undiscernible amounts of them were stained light brown.
Our preliminary experiments indicated that the final reaction was completed within 15 min of incubation and that an incubation time longer than 15 min caused high background activity, specific staining also being slightly increased. We haw applied this technique to sections from other species, such as rat and cat, and the same enhancement effect was obtained in those. In addition, from our experience this method is also applicable for routinely prepared. formalin-fixed, paraffin-embedded human materials. such as surgical specimens. Figure 2 shows the enhancement effect of the new method in a model system using nitrocellulose membrane. By the additional uranyl enhancement of silver-gold-intensified DAB reaction products, the detection limit appears to be raised at least tenfold in magnitude as compared to the simple silver method for DAB alone.
The special method introduced here is an old photographic tcchnique used to develop contrast on negative film (1) . As shown here, it can be successfully applied to silvcr-gold-intensified DAB precipi-tates obtained by immunoperoxidase procedures. Uranyl enhancement should prove to be a simple and sensitive method for amplification of the DAB end-products in various immunostainings, such as immunocytochemistry.
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